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AN APPARATUS FOR 
W EIGHING MATERIALS ONL INE 

FIELD OF THE INVENTION 

The invention relates to an apparatus for weighing materials online, more 
5 particularly, relates to an apparatus for dynamically weighing materials transported on a 
conveyor. 

BACKGROUND OF THE INVENTION 

Now two popular apparatus for online weighing are electronic belt scale and 
nuclear belt scale. 

10 The common ground of the two apparatus lies in that both of them measure the 

load of materials on a conveyor belt and the speed of the belt, then get an instantaneous 
flux through multiplying the load by the speed, and finally obtain the cumulative weight 
of the material within a period of time through an integral or a summation operation. 
The difference of these two apparatus lies in: 

15 The electronic belt scale performs a contacting measurement by means of a 

pressure sensor, and determines the material load by measuring the weight of the material 
in a given area of the belt with a given length. If the flux is big, the accuracy of the 
electronic belt scale is high. But while the speed of the belt's movement is relatively high, 
the accuracy will decrease obviously. The electronic belt scale always has a huge size and 

20 a complicated structure, especially the one with better accuracy. And as it employs the 
contacting style measurement, the varieties of many factors can make great effect on 
measurement accuracy, such as change in tension of the belt, change in hardness of the 
belt and movement deviation of the belt. Therefore electronic belt scales need elaborate 
maintenance to keep steady accuracy. 

25 The nuclear belt scale performs a non-contacting measurement, determining the 

material load by measuring the radiation absorption of the material. Nuclear belt scale has 
many features, such as, small volume, less maintenance and good stability. But under a 
condition of big flux and high load, due to the power limitation of a radioactive source, 
the intensity of the radiation having passed through the material and received by a 

30 detector is too low, which will influence the accuracy. Additionally, the changes in 

1 

PA/52151838, The PTO did ^"^ftjf^ 

listed i+-rrw«i ^nxsxsmtxal 



Atty. Ref. NT7 044 7 92 001 

characteristics of the material, such as, the variety, composition, amount of water included 
and the change in the shape of a cross-section on the belt may influence the measurement 
accuracy. Therefore, nuclear belt scale has a low accuracy in general. And a complicated 
calibration needs to be done to ensure that the nuclear belt scale works well. 
5 Although the nuclear belt scale and the electronic belt scale have their own 

advantages and disadvantages, they both can not meet the requirements of high precision 
and high reliability in some industries, such as metallurgy industry, chemical industry, and 
mining industry. It is an urgent affair to seek an online weighing apparatus with high 
precision, high stability, easy operation, and easy maintenance. 

SUMMARY OF THE INVENTION 

This invention is directed to a problem that a contacting online weighing apparatus 
depends too much on the stability of mechanism, and the disadvantages of a 
non-contacting online weighing apparatus, such as nuclear belt scale. And one object of 
this invention is to provide an online weighing apparatus which is simple in structure and 
in non-contacting style. 

Another object of this invention is to make this online weighing apparatus not only 
work well in the case that a bulk density of the material is relatively constant, but also 
work well in the case that the bulk density changes largely, a high accuracy of the 
measurement is demanded at the same time and the speed of the belt is changeable. 

For the first object, the online weighing apparatus of the present invention 
comprises: a light-emitting unit for emitting light beams to irradiate on a surface of the 
material transported on the belt to form bright projections in the same shape as that of the 
material; a CCD camera for continuously picking up images of the bright projections on 
the cross-section of the material; an image capture unit that connects to the CCD camera 
for continuously capturing the images; and a central processing unit that connects to the 
image capture unit for processing the images captured and computing the weight of the 
material. 

For the second object, a speed sensor and a 7 ray emitting and detecting apparatus 
are added to the invention. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is explained in further detail, and by way of example, with reference 
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to the accompanying drawings wherein: 

Fig. 1 js a block diagram of a preferred embodiment of the invention; 
Fig. 2 is a block diagram of a laser source of the invention; and 
Fig. 3 is a circuit diagram of a preferred embodiment of the invention. 
5 Throughout the drawings, the same reference numerals indicate similar or 

corresponding features or functions. 

DETAILED DESCRIPTION OF THE DRAWINGS 

The invention will be described in detail with drawings and the preferred 
embodiment. 

10 The preferred embodiment of this invention is shown in Fig. 1. Fig. 1 provides a 

layout of the apparatus and the geometrical position of a camera, a laser, a 7 ray source, 
and a detector from a side view of the conveyor. As shown in Fig. 1 , the structure of this 
embodiment comprises the following five parts: a laser source, a CCD camera, a speed 
sensor, a 7 ray source and a 7 ray detecting unit. 

15 The laser source consists of a dot-spot laser 1 and a glass rod 2 to generate a 

line-spot fan-shaped laser beam 3, and the angle between the laser beam and the conveyor 
6 is 45 degree. Fig. 2 provides the details. The CCD camera 10 is a commercially 
available two-dimensional array CCD having 320*240 pixels for picking up images and 
converting them into video signals. The video signals are fed into a computer through an 

20 image capture card. Each captured image contains the cross-section shape information of 
the material. The angle between the lens axis of the CCD camera 8 and the conveyor 6 is 
45 degree, thus the optical axis of the CCD camera 10 is perpendicular to the plane of the 
fan-shaped laser beam 3. The speed sensor 5 is a Hall element installed on a shaft of the 
conveyor to determine the speed of the conveyor along the movement direction 15, and 

25 the output of the speed sensor is a voltage pulse signal between Ov and 5v gathered and 
processed by a microprocessor 11. The 7 ray emitting and detecting means comprises a 7 
ray radiation source and a container 4 under the conveyor, 7 ray detector 9 and 7 ray 
signal processing circuit 12 upon the conveyor. The 7 ray radiation source uses a 137 Cs 
granule radiation source, which is collimated and emits a narrow 7 ray beam. The 7 ray 

30 signal processing circuit 12 sends the detected 7 ray signal to the microprocessor for 
calculating the material density. 

The preferred embodiment of the laser source is shown in Fig.2. The power of the 
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dot-spot laser 1 is 5mW, and the diameter of the beams is less than 3mm within lm length. 
The laser beam penetrates the glass rod 2 which is perpendicular to it and then expands 
into the line-spot fan-shaped laser beam 3. The diameter of the glass rod 2 is about 4mm. 
When the laser beam 3 is fed to a reference plane 14, a line spot 13 will be formed 
5 thereon. In this invention, the line spot 13 is provided to the conveyor and then a bright 
projection on the whole upper contour of the cross-section of the material is formed. So 
the width of the line spot 13 should be larger than the biggest width of the material to 
cover the full cross-section. 

A circuit diagram of the preferred embodiment is shown in Fig. 3. Computer 24 is 

10 an industrial computer for industrial control. The computer 24 gathers images from the 
CCD camera 10 through a common image capture card 25. The data are transferred 
between the computer 24 and the microprocessor 2 1 by means of serial communication. 
The microprocessor 21 could be an 89C51 which can measure the 7 ray flux density and 
the speed v of the conveyor 6 at the same time. Both the microprocessor 21 and the 

15 industrial computer 24 belong to the signal gathering and processing part, and can be 
treated as a center processing unit as a whole. The 7 ray detector 9 consists of a Nal (Tl) 

scintillation crystal 16, a photomultiplier 17, and a preamplifier 18 connected closely in 

series. Wherein the Nal (Tl) scintillation crystal 16 receives the 7 ray which has 
penetrated the material on the conveyor and generates optical signals corresponding to the 

20 7 ray energy; and the photomultiplier 17 transforms the optical signals from the 

scintillation crystal into electric signals; and the preamplifier 18 amplifies the electric 
signals generated by the photomultiplier and then provides the amplified electric signals 
to the 7 ray signal processing circuit 12. The photomultiplier 17 is powered by a 0~1000v 
controllable high voltage DC power supply. D/A converter 22 adjusts the voltage of the 

25 power supply under the control of the microprocessor 21 so as to stabilize the 7 ray 

energy spectrum. The 7 ray signal processing circuit 12 consists of a baseline restoration 
circuit 19 and a single channel analyzer 20 connected in series. The circuits of the 
preamplifier 18, the baseline restoration circuit 19, and the single channel analyzer 20 can 
be referred to the book Nuclear Electronics (Wangjingjin, Atomic Press, China, 1983). 

30 The following describes the weighing process of the embodiment of this invention 

in details with reference to Fig. 1 . 

Before weighing, parameters for optical imaging part of the apparatus must be 
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calibrated. Firstly, under the condition that there is no material on the conveyor, images of 
the bright projection projected on the conveyor 6 are picked up by the CCD camera, and 
then the shape and the position of the conveyor surface are determined as a nether contour 
of the cross-section of the material. When the material passes by on the conveyor, the 
5 position (pixel with the least gray) of the bright projection picked up by the camera, 

represents an upper contour of the cross-section of the material. The computer counts the 
number n of pixels between the nether and the upper contour of the cross-section. As 
shown in Fig. 1, the axis of the CCD camera 10 is perpendicular to the plane of the 
fan-shaped beam 3, therefore the real cross-section area S of the material is in direct 

10 proportion to the number n. The proportion factor between S and n is denoted as A, and A 
can be determined by on-the-spot calibration. While practically measuring, the 
cross-section area S could be calculated by the factor A and the number n. 

If the bulk density of the material changes relatively large and a better accuracy of 
measurement is demanded, the 7 ray emitting and detecting apparatus should be added in 

15 the apparatus of this invention. Therefore, the flux density I 0 of the 7 ray in a case that 
there is no material should be calibrated before practically measuring. 

While practically measuring, the CCD camera 10 picks up images with a constant 
frequency, and sending the images to the computer via the image capture card. Supposing 
during a time interval T, N times of sampling are performed, the number of pixels 

20 between the nether and the upper contour of the cross-section of the i th sampling is 
denoted as nj, and the cross-section area of the i th sampling is denoted as Si. Si is 
calculated according to the pre-calibrated factor A by this equation: Si =Anj. The angle 
between the axis 8 and the plane of the fan-shaped beam 3, and the angle between the 
fan-shaped beam 3 and the conveyor 6 are both pertinent to the pre-calibrated factor A. If 

25 either of these two angles changes, the factor A must be calibrated again. Supposing the 
speed of the conveyor at the i th sampling is Vj, during the time interval T, the volume V of 

the material passed by the conveyor can be calculated by this equation: V^^fySg). If the 

bulk density of the material is approximately a constant p, the mass M of the material 
passed by the conveyor during the time interval T is: M - pV , the weight 

N 

30 , wherein g is acceleration of gravity. 

/=i 

When the bulk density changes little or a common accuracy of measurement is 
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demanded, the bulk density p of the material could be treated as a constant and be 
determined by calibration. 

When the bulk density changes largely and a better accuracy of measurement is 
demanded, the 7 ray emitting and detecting apparatus comprising the 7 ray source 4, the 7 
5 ray detector 9 and the 7 ray signal processing circuit 12 should be added to the apparatus 
of this invention. According to the attenuation law, the mass thickness of the material can 
be measured at the point where 7 ray penetrates the material. Supposing the flux density 
of the 7 ray is I when there is material on the conveyor under the condition of practical 
measurement. The mass thickness pd of the material can be calculated according to the 

10 pre-calibrated Io by the equation: pd = K(LnIo - Lnl), wherein the unit of pd is usually 
g/cm 2 , and the constant factor K can be determined by calibration. When the computer 
analyses the images, the mean bulk thickness d of the material at the point of 7 ray 
penetrating can be computed, so the bulk density p of the material is: p = pd/d = K(LnIo - 
Lnl)/d, therefore the precise weight of the material passed by the measuring point during 

15 an interval can be calculated by: W - Mg = pVg . 

Obviously, other light sources rather than laser source, and other forms of beams 
rather than fan-shaped beams can be employed in the volume measurement. 

ADVANTAGEOUS EFFECTS 

Through the detailed description in combination with the drawings, it is clear that 

20 as an non-contacting online weighing apparatus, the present invention asks for little 
demand on the mechanism stability of the conveyor belt, has a simple structure, and 
performs a stable measurement; this apparatus determines the bulk volume of the material 
by the CCD camera picking up the images of the cross-section of the material; and the 
optional 7 ray source and 7 ray detector system can be chosen to make the apparatus adapt 

25 to the condition that the bulk shape and the bulk density of the material vary greatly and 
obtain a better accuracy; and the optional speed sensor thereof makes the apparatus adapt 
to the condition that the speed of belt is not constant; and as the optional 7 ray source is a 
point source with a low activity, easy to be shielded and with good radiation safety. These 
advantages of the invention make the apparatus have a wide use in chemical industry, 

30 metallurgical industry, mining industry and many other fields. 

While the invention has been described in conjunction with specific embodiments, 
it is evident that many alternatives, modifications and variations will be apparent to those 
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skilled in the art in light of the foregoing description. Accordingly, it is intended to 
embrace all such alternatives, modifications and variations as fall within the spirit and 
scope of the appended claims. 
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